The study is based on aggregate level data from various secondary sources, i.e. published reports, articles and publicly available data portals (e.g. <https://www.imf.org/external/datamapper/datasets/WEO>; <http://ghdx.healthdata.org/>). Data sources are described in the manuscript with relevant references. Please contact Ayda Yurekli at <ayda.yurekli@gmail.com> for queries related to data.

Introduction {#sec005}
============

Hypertension, also known as high or raised blood pressure, accounts for about 10 million deaths worldwide each year \[[@pone.0221556.ref001]\]. Hypertension is a leading risk factor for cardiovascular diseases (CVD); 45% of deaths caused by ischemic heart disease and 51% of deaths caused by cerebrovascular disease are attributable to hypertension \[[@pone.0221556.ref001]\]. In Turkey, hypertension (high systolic blood pressure (SBP) ≥140 mm Hg) was responsible for over 54 thousand deaths in 2015, constituting 13.4% of total deaths. Among the Turkish population with hypertension in 2015, an estimated 25,663 deaths occurred from ischemic heart disease and 12,971 deaths from cerebrovascular diseases \[[@pone.0221556.ref002]\].

Global deaths from noncommunicable diseases (NCDs) will continue to rise over the next several decades due to aging populations \[[@pone.0221556.ref003], [@pone.0221556.ref004]\]. Evidence shows that hypertension also increases with age. Furthermore, behavioral (e.g., unhealthy diet, tobacco use, physical inactivity, harmful use of alcohol) and metabolic (e.g., obesity, diabetes, rising blood lipids) risk factors contribute to the development of hypertension and its health consequences \[[@pone.0221556.ref001], [@pone.0221556.ref005]\]. The changing demographic structures coupled with changing lifestyles (risky health behaviors) are significant health and economic challenge for preventing and controlling hypertension and its associated health risks worldwide and in Turkey.

Salt consumption, one of the leading causes of hypertension, is three times higher in Turkey than that of suggested per capita per day salt consumption level \[[@pone.0221556.ref006], [@pone.0221556.ref007]\]. The Turkish Government undertook a comprehensive salt reduction program in 2011 that includes the major components recommended by WHO for reduction of salt intake: monitoring, major reformulation actions, awareness, and interventions at the institutional settings \[[@pone.0221556.ref006], [@pone.0221556.ref008]\]. Existing studies find that a population-wide modest reduction in sodium consumption can reduces blood pressure to a level that leads to the reductions in hypertension prevalence rate, and in total deaths. For example, Cutler et al. \[[@pone.0221556.ref009]\] suggested that an average reduction of 77 mmol per day in dietary intake of sodium resulted in a 1.9 mmHg systolic and 1.1 mmHg decline in diastolic blood pressure. Research based on INTERSALT STUDY also reveals that if a population, on average, had a daily sodium intake lowered by 100 mmol (about one teaspoon salt), average population systolic blood pressure (SBP) would be lower by 2--3 mm Hg. For each 2-mmHg difference in SBP, death from coronary heart disease will decline by 4%, stroke by 6% and all deaths by 3%. Furthermore, a 5 mmHg lower SBP will reduce the death by 9% for coronary heart disease, 14% for stroke and 7% for all deaths \[[@pone.0221556.ref010]\]. Stamler \[[@pone.0221556.ref010]\] argued that mortality reduction of 3% or 5% magnitude can be achieved if the sole approach were to intensively treat the hypertension patients in that population with antihypertensive medication. In an analysis based on Framingham Heart Study, Cook et al. \[[@pone.0221556.ref011]\] revealed that a 2-mmHg reduction in blood pressure will reduce the hypertension prevalence by 17% for 35--64 years of age US residents \[[@pone.0221556.ref011], [@pone.0221556.ref012]\]. When the salt reduction is combined with a healthy diet (DASH diet), blood pressure is lowered by 11.5 mmHg among people with hypertension \[[@pone.0221556.ref013]\].

In this paper, we apply existing research finding regarding the impact a population-wide reduction in sodium consumption on the decrease of the hypertension prevalence rate among 15+ years population and the gender-age specific reduction in total death rates among 30+ years population, and compare hypertension burden, averted deaths, costs and benefits between two scenarios. The first scenario (i.e. status quo) assumes constant hypertension prevalence rate and the death rates between 2015 and 2030. The second scenario (scenario II) assumes a 17% reduction in the prevalence of hypertension in Turkey in 2030, from its 2015 prevalence level. In the spirit of the Framingham Heart Study finding by Cook et al. \[[@pone.0221556.ref011]\], the reduction in death rates is assumed to be attributable to the salt reduction program by Turkey Ministry of Health (MoH) and associated population level reduction in the level (mmHg) of blood pressure by age and gender. We project hypertension attributable DALYs in 2030, monetize DALYs using GDP (and income) per capita, and compare the projected economic benefits of DALYs averted and the additional costs associated with the increases in hypertension treatment through antihypertensive medications and physician consultations.

Background {#sec006}
==========

As Turkey's population has been increasing, it is also getting older. It is projected that population will increase by 13%, from 78 million in 2015 to 88 million in 2030, where 12.1% of the population will be age ≥65 years in 2030, up from 7.8% in 2015 \[[@pone.0221556.ref014]\]. As the population ages, World Bank projects that female life expectancy will increase from 78.7 years in 2015 to 81.9 years in 2030; and the male life expectancy will increase from 72.2 years in 2015 to 76 years in 2030 \[[@pone.0221556.ref014]\]. Risky behavior and metabolic risk factors that influence hypertension are also high in Turkey. In 2015, an estimated 27.9% of the Turkish population aged ≥20 years was obese (*BMI* ≥ 30)---more in women (34.7%) than in men (20.6%) \[[@pone.0221556.ref002]\]. The level of salt consumption among the Turks is one of the highest in the globe; on average 15 grams salt or 5,895 mg of sodium per day in 2012; higher in men (15.7 grams salt or 6,178 mg sodium per day) than in women (14.0 grams salt or 5,510 mg sodium per day) \[[@pone.0221556.ref006], [@pone.0221556.ref015]\]. Turkey is still among the top countries with high smoking prevalence rates (i.e., 27.1% among adults aged ≥15 years in 2012) \[[@pone.0221556.ref016], [@pone.0221556.ref017]\]. Dastan et al. \[[@pone.0221556.ref018]\] examined the risk factors that influence hypertension in Turkey by analyzing Chronic Risk Factors Survey 2011 and found socioeconomic and modifiable risk factors associated with hypertension in both genders, including lack of awareness and not being in treatment, lower education and sedentary lifestyle in women, and unhealthy dietary habits, smoking and alcohol consumption in men. Furthermore, the study found that having diabetes and being obese are positively correlated with the poor control of hypertension \[[@pone.0221556.ref018]\].

Some nationwide surveys between 1998 and 2012 examined the hypertension prevalence and management in Turkey, including the Chronic Diseases and Risk Factors Survey (CDRFS) \[[@pone.0221556.ref019]\]; TURDEP I and TURDEP II \[[@pone.0221556.ref020], [@pone.0221556.ref021]\]; and PatenT I and PatenT II \[[@pone.0221556.ref022], [@pone.0221556.ref023], [@pone.0221556.ref024]\] ([Table 1](#pone.0221556.t001){ref-type="table"}). According to the Chronic Diseases Risk Factors Survey (CDRFS) conducted by the Ministry of Health in 2011, about 24% (or 13.5 million) adult population aged ≥15 years had hypertension. Prevalence of hypertension was more in women (26% in women versus 24% in men) and increased with age, such that about 7 in 10 adults \>65 years of age have hypertension \[[@pone.0221556.ref019]\].

10.1371/journal.pone.0221556.t001

###### Surveys of hypertension prevalence in Turkey.

![](pone.0221556.t001){#pone.0221556.t001g}

                                   TURDEP I[^1^](#t001fn002){ref-type="table-fn"}   PatenT I[^2^](#t001fn003){ref-type="table-fn"}   TURDEP II[^1^](#t001fn002){ref-type="table-fn"}   CDRFS[^3^](#t001fn004){ref-type="table-fn"}   PatenT II[^2^](#t001fn003){ref-type="table-fn"}
  -------------------------------- ------------------------------------------------ ------------------------------------------------ ------------------------------------------------- --------------------------------------------- -------------------------------------------------
  Year                             1998                                             2003                                             2010                                              2011                                          2012
  Age group                        ≥20                                              ≥18                                              ≥20                                               ≥15                                           ≥18
  Prevalence (crude) %             29                                               31.8                                             31.3                                              24                                            30.5
  Prevalence (crude) % by gender   M: 25.6                                          M: 27.5                                          M: 30.9                                           M: 24                                         M: 28.4
  W: 31.3                          W: 36.1                                          W: 32.3                                          W: 26                                             W: 32.3                                       

Source:

^1^ Satman et al., 2002 \[[@pone.0221556.ref020]\] and Satman et al. 2013 \[[@pone.0221556.ref021]\];

^2^ Altun et al., 2005 \[[@pone.0221556.ref022]\], PatenT I \[[@pone.0221556.ref023]\] and Paten T II. 2012 \[[@pone.0221556.ref024]\],

^3^ Republic of Turkey Ministry of Health (2013) Chronic Diseases and Risk Factors Survey in Turkey \[[@pone.0221556.ref019]\].

M: Men; W: Women. Surveys identify hypertensive people: (i) if they have not been diagnosed with hypertension, but their average blood pressure (BP) measurement is equal or higher than ≥140 mmHg for systolic blood pressure (SBP) or ≥90 mmHg for diastolic blood pressure; (ii) if they have been diagnosed with hypertension before and have used antihypertensive medication, regardless of their blood pressure measurement; and (iii) if they have been diagnosed with hypertension but have not used any medication, but their average BP measurement indicates SBP/DBP ≥140/90 mmHg.

Estimates reveal that the number of deaths and the death rates associated with hypertension has declined over the period 1990 to 2005; a 5.1% decline in the number of deaths from 56,392 in 1990 to 53,493 in 2005; and 36% fall in death rates-- 234.2 deaths to 140.3 deaths per 100,000 population age 25+ years old; respectively \[[@pone.0221556.ref002]\]. In recent years, hypertension control initiatives such as improving awareness, treatment, and control of high blood pressure increased in Turkey. For instance, 2003 PatenT I and 2012 PatenT II surveys reveal that hypertension awareness (i.e., the percentage of hypertension cases diagnosed by a physician) increased from 40% in 2003 to 54.7% in 2012. Between 2003 and 2012, awareness was higher, and increased more, in women (48% and 70%) than in men (28% and 41%), respectively. Furthermore, nationwide surveys report increases in antihypertensive treatment among people with hypertension ([Table 2](#pone.0221556.t002){ref-type="table"}) \[[@pone.0221556.ref022], [@pone.0221556.ref023], [@pone.0221556.ref024], [@pone.0221556.ref025]\]. For example, in 2012, 47.5% people with hypertension received antihypertensive treatment--up from 31% in 2003.

10.1371/journal.pone.0221556.t002

###### Trends in awareness, treatment, and control of hypertension[\*](#t002fn006){ref-type="table-fn"}.

![](pone.0221556.t002){#pone.0221556.t002g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                       TURDEP I[^1^](#t002fn002){ref-type="table-fn"}\   PatenT I[^2^](#t002fn003){ref-type="table-fn"}\   HINT[^3^](#t002fn004){ref-type="table-fn"}\   TURDEP II[^1^](#t002fn002){ref-type="table-fn"}\   CDRFS[^4^](#t002fn005){ref-type="table-fn"}\   PatenT II[^2^](#t002fn003){ref-type="table-fn"}\
                                                       1998\                                             2003\                                             2007\                                         2010\                                              2011\                                          2012\
                                                       ≥20 age                                           ≥18 age                                           ≥18 age                                       ≥20 age                                            ≥15 age                                        ≥18 age
  ---------------------------------------------------- ------------------------------------------------- ------------------------------------------------- --------------------------------------------- -------------------------------------------------- ---------------------------------------------- --------------------------------------------------
  Awareness[\*\*](#t002fn007){ref-type="table-fn"}     44.6%                                             40%                                                                                             58.1%                                              63%                                            54.7%

  Treatment[\*\*\*](#t002fn008){ref-type="table-fn"}   45.3%                                             31%                                               40%                                                                                              57.5%                                          47.5%

  Control[\*\*\*\*](#t002fn009){ref-type="table-fn"}   30%                                               8%                                                13.6%                                                                                            30%                                            28.7%
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source:

^1^ Satman et al., 2002 \[[@pone.0221556.ref020]\] and Satman et al. 2013 \[[@pone.0221556.ref021]\];

^2^ Altun et al., 2005 \[[@pone.0221556.ref022]\] and PatenT I \[[@pone.0221556.ref023]\] and Paten T II 2012 \[[@pone.0221556.ref024]\],

^3^ Arici et al., 2010 \[[@pone.0221556.ref025]\]

^4^ Republic of Turkey Ministry of Health (2013) Chronic Diseases and Risk Factors Survey in Turkey \[[@pone.0221556.ref019]\].

\* Adults at given age are diagnosed with high blood pressure with SBP ≥140 mmHg for systolic blood or ≥90 mmHg for diastolic blood pressure (DBP) by a physician or by the measurement taken during the survey. Also, people who currently use antihypertensive medication are considered hypertensive regardless of their blood measures taken during the survey.

\*\*Awareness includes adults who have been diagnosed previously by a physician as hypertensive and during the survey their measurement shows SBP and DB\>140/90 mmHg.

\*\*\* Treatment includes adults who have diagnosed previously as hypertensive by a physician and have been using antihypertensive medication.

\*\*\*\*Control includes adults who have been diagnosed previously as hypertensive by a physician, but currently, they have not been using antihypertension medication because their blood pressure is SBP/DP\<140/90 mmHg.

Turkish MoH survey (CDRFS 2011) revealed higher awareness (63%) among people with hypertension and relatively higher percentage (57.5%) under the hypertension treatment. However, only 30% of the people who are under treatment maintains hypertension under control. Furthermore, among those under treatment, 63% also have prescription medication for chronic diseases \[[@pone.0221556.ref019]\]. However, the improvements in awareness and the reduction in the number and the rates of death associated with hypertension in Turkey are leveled off in recent years. The estimated death rate due to hypertension has increased by 14% from 60.8 deaths per 100,000 population in 2010 to 69.4 deaths in 2015; and the number of hypertension deaths has also increased by 23% from 44 thousand to 54 thousand, respectively. Consequently, hypertension claims a higher percentage (13.4%) of total deaths in 2015 compared to that (12%) in 2010 \[[@pone.0221556.ref002], [@pone.0221556.ref026]\]. There has been global calls for investing in hypertension prevention and control initiatives. Evidence suggests that the benefit of reducing the burden of hypertension outweighs the costs of providing blood-pressure-lowering drugs to hypertensive adults. For example, providing antihypertension medication to 60% of the hypertensive population in Bangladesh generates 12.7 to 1 annual return on investment by 2021 and 8.6 to 1 annual return on investment by 2030 \[[@pone.0221556.ref027]\]. In a global and regional study on the effectiveness and costs of interventions to lower systolic blood pressure and cholesterol, Murray et al. (2003) asserted that non-personal health interventions, including reduction in the salt content of processed foods, are cost-effective ways to limit cardiovascular disease and could avert over 21 million DALYs per year worldwide \[[@pone.0221556.ref028]\].

Data {#sec007}
----

Data on hypertension prevalence, treatment, control, and the awareness by age groups and gender are obtained from the published report by the Ministry of Health (MoH) based on the 2011 Chronic Diseases Risk Factor (CDRFS) survey, which is the first nationwide cross-sectional survey of MoH to monitor chronic diseases and their risk factors. The Institute for Health Metrics and Evaluation (IHME) Global Burden of Death (GBD) database provided Turkish data for the 2015 life expectancy, number of deaths, the years of life lost (YLL) due to premature mortality, the years lost due to disability (YLDs) and the disability adjusted life years (*DALY*) associated with hypertension (SBP140≥ mm Hg) by age groups and gender. We obtained age group and gender specific total annual population for 2015 and 2030 from the World Bank Health, Nutrition and Population (HNP) database, and the total number of deaths in 2015 for age groups by gender by the Turkish Statistical Institute (TUIK). Data on antihypertension medication usage for 18+ age population was obtained from a published nationwide survey PATENT II (2012) report \[[@pone.0221556.ref024]\]. We collected the prices of most common antihypertension medications from randomly selected pharmacies in Ankara Turkey in 2016 and confirmed those prices with the Turkish Pharmaceutical Association. National health insurance was implemented in 2011 in Turkey. Both private and government insurance plans cover as much as 90% of the population where about 90% have government health insurance. Since the government reimburses a significant portion of prescription drugs' costs to pharmacies, the drug prices are controlled and do not vary by location across Turkey. We obtained the data for 2015 health care expenditures for ambulatory care services and the gross income per capita by gender from the Turkish Statistical Institute (TUIK). Finally, we used the International Monetray Fund (IMF) World Economic Outlook database for the gross domestic product (GPD) per capita, GDP deflator, and the consumer price index (CPI), including the projected values beyond 2017.

Methodology {#sec008}
-----------

### Projecting total deaths and hypertension attributable deaths in 2030 {#sec009}

We projected total deaths from all causes in 2030 using the 2015 data on population and total deaths by gender and age-groups. First, we derived the weighted total death rates for male and female population in 2015. $${{WDr}_{AC}\mspace{720mu}}_{15}^{k}\mspace{720mu} = \mspace{720mu}{\sum{{{Dr}_{AC}\mspace{720mu}}_{15}^{ik}*{shPop\mspace{720mu}}_{15}^{ik}}}$$ ${{Dr}_{AC}}_{15}^{ik}$ is the share of all cause deaths in population by gender (*k)* and five years age-groups starting 30--34 years to 80+ years of age (*i*) in 2015 and ${shPop\mspace{720mu}}_{15}^{ik}$ represents the 2015 population shares by age-groups and gender. The use of the weighted total death rate (${{WDr}_{AC}\mspace{720mu}}_{15}^{k}$) ensures the distribution of age-gender specific number of deaths based on their shares in total population. Assuming that ${{WDr}_{AC}\mspace{720mu}}_{15}^{k}$ will remain constant between 2015 and 2030, we projected the total deaths for male and female population (30+ age) in 2030 using [Eq 2](#pone.0221556.e006){ref-type="disp-formula"}. $$\hat{\left. \left( {Death}_{AC}\mspace{720mu} \right._{30}^{k} \right)}\mspace{720mu} = \mspace{720mu}{POP\mspace{720mu}}_{30}^{k}*\mspace{720mu}{{WDr}_{AC}\mspace{720mu}}_{15}^{k}$$ $\hat{\left. \left( {Death}_{AC}\mspace{720mu} \right._{30}^{k} \right)}$ is the projected total deaths from all causes in 2030 for male and female population aged 30+. We assumed that the age-group specific shares of total deaths among 30+ years of age population in 2015 ($\left. {{\% D\mspace{720mu} Share}_{AC}\mspace{720mu}}_{15}^{ik} \right)$ will remain constant under the status quo condition, and distributed the gender-specific projected total deaths in 2030 among the age-groups in [Eq 3](#pone.0221556.e009){ref-type="disp-formula"}.
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We projected the gender and age-group specific hypertension (HBP) deaths in 2030 using similar method and assumptions described above, and as shown below in Eqs [4](#pone.0221556.e010){ref-type="disp-formula"}--[6](#pone.0221556.e012){ref-type="disp-formula"}. $${{WDr}_{HBP}\mspace{720mu}}_{15}^{k}\mspace{720mu} = \mspace{720mu}{\sum{{{Dr}_{HBP\mspace{720mu}}}_{15}^{ik}*{shPop}_{15}^{ik}}}$$ $$\left. \hat{{{Death}_{HBP}\mspace{720mu}}_{30}^{k}}\mspace{720mu} = \mspace{720mu}\left( {WDr}_{HBP\mspace{720mu}} \right._{15}^{k} \right)*{POP\mspace{720mu}}_{30}^{k}$$ $${\hat{{Death}_{HBP}}\mspace{720mu}}_{30}^{ik}\mspace{720mu} = \mspace{720mu}\hat{\left. \left( {Death}_{HBP\mspace{720mu}}\mspace{720mu} \right._{30}^{k} \right)}*{{\% D\mspace{720mu} Share}_{HBP}\mspace{720mu}}_{15}^{ik}$$ Where, ${{WDr}_{HBP}\mspace{720mu}}_{15}^{k}$ is weighted hypertension attributable death rates for male and female population in 2015;${\mspace{720mu}{Dr}_{HBP}}_{15}^{ik}$ is the share of hypertension deaths in population by gender (*k)* and age groups (*i*) in 2015, $\hat{\left. \left( {Death}_{HBP}\mspace{720mu} \right._{30}^{k} \right)}$ is the projected total deaths from hypertension in 2030 for male and female population aged 30+, ${\hat{{Death}_{HBP}}\mspace{720mu}}_{30}^{ik}$ is the gender and age-group specific hypertension (HBP) deaths in 2030, and (${{\% D\mspace{720mu} Share}_{AC}\mspace{720mu}}_{15}^{ik}$) is the age-group (30+ years) specific shares of hypertension deaths (30+ years) in 2015.

We derived a second set of projections (i.e. Scenario II) for the total deaths and hypertension deaths in 2030. We assumed that Turkey will reduce population-wide salt consumption by 2030 with a comprehensive salt reduction program, contributing to the reductions in death rates and prevalence rates. The INTERSALT study (Stamler, 1991) revealed that if a population-wide reduction of sodium intake reduces on average 100 mmol (about 1 teaspoon) daily, average population systolic blood pressure (SBP) would be lower by 2--3 mmHg over 6 to 19 years \[[@pone.0221556.ref010]\]. A 2 mmHg, 3 mmHg, and 5 mmHg reductions in SBP could lead to 3%, 5%, and 7% reductions in total deaths, respectively \[[@pone.0221556.ref010]\]. Asaria et al. (2007) investigated how many deaths could potentially be averted over 10 years (2006--2015) by implementing a population-wide salt reduction by 15% in 23 countries, including Turkey; and provided estimates for the reduction in salt intake (gram per day) by 5 year age groups starting 30 years of age and the corresponding decrease in mean SBP (mm Hg) in 2015 \[[@pone.0221556.ref029]\]. [Table 3](#pone.0221556.t003){ref-type="table"} shows the finding from these two studies.

10.1371/journal.pone.0221556.t003

###### Population-wide reduction in salt intake and the associated reduction in mean SBP by age groups in 2015, Turkey.
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  ------------------------------------------------------------------------------------------------------ -------- ------------ ------------ ------------ ------------ ---------
  **Potential for lowering mortality with lower average population SBP mmHg**\                                                                                        
  **(Source: Stamler, 1991)** \[[@pone.0221556.ref010]\]                                                                                                              

  Reduction in SBP                                                                                       2 mmHg   3 mmHg       5 mmHg                                 

  Reduction in all deaths                                                                                -3%                   -5%                       -7%          

  **Population-wide reduction in salt intake and the associated reduction in mean SBP by age groups**\                                                                
  **(Source: Asaria et al., 2007)** \[[@pone.0221556.ref029]\]                                                                                                        

  **Age groups**                                                                                                  **30--44**   **45--59**   **60--69**   **70--79**   **80+**

  Reduction in salt intake (gram per day)                                                                Male     2.2          2.4          2.4          2.4          2.4

  Female                                                                                                 1.5      1.7          1.7          1.7          1.7          

  The associated reduction in mean systolic blood pressure by 2015 (mm Hg)                               Male     1.4          2.0          2.9          3.6          4.5

  Female                                                                                                 1.0      1.8          2.5          3.0          3.6          

  **Projections for 2030 (Scenario II) deaths from all-causes** (% *Reduction in Death*~*AC*~^*ik*^)                                                                  

  **Age groups**                                                                                                  **30--44**   **45--59**   **60--69**   **70--79**   **80+**

  Percent reduction in total death from all-causes                                                       Male     2.1%         3.0%         4.6%         5.5%         6.5%

  Female                                                                                                 1.5%     2.7%         4.0%         5.0%         5.5%         
  ------------------------------------------------------------------------------------------------------ -------- ------------ ------------ ------------ ------------ ---------

In our 2030 projections under Scenario II, we combined the findings from Stamler (1991) and Asaria et al. (2007) and calculated a set of values for gender and age-group specific percent reductions in total deaths from all causes. For this, based on Asaria et al. (2007) we assigned 6% reduction in deaths for the 4 mmHg reduction in SBP (i.e. the average of the reductions in deaths between 3mm Hg and 5 mm Hg reduction); calculated the percent reduction in death per mmHg reduction of salt intake at 2, 3, 4, and 5 mmHg; assigned interpolated values for in-between mmHg reductions by taking averages of the reduction in death (%) per mmHg reduction in salt; and then derived the gender and age-group specific percent reductions in total deaths. The bottom panel in [Table 3](#pone.0221556.t003){ref-type="table"} shows the percent reduction in total death from all-causes used in this study for the 2030 Scenario II projections, which are based on the findings from Stamler (1991) and Asaria et al. (2007) in the top and middle panel.

Accordingly, the projected total deaths from all causes in 2030 in Scenario II is derived from the corresponding total deaths that were predicted under status quo condition in 2030, as displayed in [Eq 7](#pone.0221556.e018){ref-type="disp-formula"} below.
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We assumed that population-wide averted deaths due to salt reduction will occur among the people with hypertension and estimated the Scenario II hypertension deaths in 2030 using [Eq 8](#pone.0221556.e019){ref-type="disp-formula"}.
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### Projecting the disease burden associated with hypertension in 2030 {#sec010}

Since the inception of the global burden of disease (GBD) study in 1993, disability-adjusted life years (DALYs) have been used extensively to provide a comprehensive assessment of the burden of disease and injuries, at global, regional and country level \[[@pone.0221556.ref030], [@pone.0221556.ref031], [@pone.0221556.ref032]\]. We projected the burden of hypertension in terms of DALYs, which is comprised of the years of life lost (YLL) due to premature mortality and the years lost due to disability (YLD). $${DALY}_{t}^{ik}\mspace{720mu} = \mspace{720mu}{YLL}_{t}^{ik} + {YLD}_{t}^{ik}$$ Where (*i*) refers to the 5-years age-group starting 30--34 years until 80+; *k* is the gender (male and female), and *t* represents the years 2015 and 2030.

We projected the gender-specific *YLL*~30~ as the following.
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The 2015 life expectancies ${E\left( x \right)}_{15}^{ik}$ at age-groups (*i*) were kept constant until 2030 for two reasons. First, 2015 YLLs, YDLs, and the DALYs were estimated by using 2015 life expectancy by IHME. Second, the life expectancy in 2015 was slightly higher than the life expectancy estimates by other organizations, notably by TUIK and the World Bank for the same year. IHME estimates for 2015 was also comparable with the World Bank's projected life expectancy for Turkey in 2030. We applied the technique used by Norman et al. \[[@pone.0221556.ref033]\] and the GBD 2004-updates (WHO 2008, Appendix B) \[[@pone.0221556.ref034]\] to project the years lost due to disability ${\hat{YLD}}_{30}$ for 2030 status quo as the following. $$\hat{{YLD\mspace{720mu}}_{30}^{ik}}\mspace{720mu} = \mspace{720mu}{\hat{YLL}\mspace{720mu}}_{30}^{ik}*\left( \frac{{YLD\mspace{720mu}}_{15}^{ik}}{{YLL\mspace{720mu}}_{15}^{ik}} \right)$$ Where we obtained ${\hat{YLL}\mspace{720mu}}_{30}^{ik}$ from [Eq (10)](#pone.0221556.e021){ref-type="disp-formula"} and estimated $\left( \frac{{YLD}_{15}}{{YLL}_{15}} \right)$ from the IHME data in 2015. We obtained the projected population for age groups by gender in 2030 (*Pop*~30~) by the WB HNP database. We replaced Eqs ([10](#pone.0221556.e021){ref-type="disp-formula"}) and ([12](#pone.0221556.e025){ref-type="disp-formula"}) into [Eq (9)](#pone.0221556.e020){ref-type="disp-formula"} and projected $\hat{{DALY}_{30}^{ik}}$ for the status quo. For the Scenario II, the projected YLDs were estimated by the following.
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### Projecting the number of people with hypertension in 2030 {#sec011}

Cook et al. (1995) study showed that a modest 2-mm Hg reduction in diastolic blood pressure (DBP) among population 35--64 years would reduce the prevalence of observed diastolic hypertension by 17%; and asserted that a combination strategy of a population-wide reduction in DBP and targeted medical intervention is most effective and could double or triple the impact of medical treatment alone \[[@pone.0221556.ref011]\]. We assumed same prevalence of hypertension for the years 2015 and 2030 under status quo. In Scenario II, we projected the number of people with hypertension in 2030 by gender and age-groups, assuming a 17% reduction in the prevalence rate in 2030 compared to 2015 level. In Turkey, since the inception of the universal health coverage in 2010, medical interventions (physician/hospital visits and prescription drugs) have been heavily subsidized by the government. Considering one of the objectives of the study is to estimate the benefits of reduced hypertension due to salt reduction and the medical interventions (increases in antihypertensive medication usage), a 17% reduction in hypertension prevalence between 2015 and 2030 would be conservative. Furthermore, the benefits of a 17% reduction in hypertension prevalence due to salt reduction and medical interventions by 2030 would be consistent with the assumptions used for the cost projections of hypertension deaths by 2030.

In the status quo, we projected hypertension cases and the rates by multiplying gender and age-group specific prevalence rates in 2030 by corresponding age-gender populations in 2015 and 2030.
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For the scenario II, where we assume 17% reduction in the prevalence rate in 2030, we first estimated weighted prevalence rate by gender in status quo by the following: $$\hat{{{WPrev\mspace{720mu}}_{HBP}\mspace{720mu}}_{30}^{k}}\mspace{720mu} = \mspace{720mu}{\sum{\hat{{{Prev\mspace{720mu}}_{HBP\mspace{720mu}}}_{30}^{k}}*{{\mspace{720mu}\% Share}_{POP\mspace{720mu}}}_{15}^{ik}}}$$ Where, $${\hat{\mspace{720mu}{Prev}_{HBP}}\mspace{720mu}}_{30}^{k}\mspace{720mu} = \mspace{720mu}\frac{\hat{{\sum{\#\mspace{720mu} HBP\mspace{720mu} cases}}_{30}^{ik}}}{{POP\mspace{720mu} Gender}_{30}}\mspace{720mu}\left( Status\mspace{720mu} quo \right)$$

We reduced the weighted gender-hypertension prevalence rate ([Eq 16](#pone.0221556.e032){ref-type="disp-formula"}) by 17% to project new prevalence rate by gender under scenario II.
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We multiplied the new HBP prevalence rate with 2030 gender population and estimated new HBP cases by gender in 2030 (Scenario II).
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Finally, we distributed new gender-HBP cases to corresponding age groups, based on age-groups-shares in total gender-hypertension cases in 2030 status quo.
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We applied a similar method for the projection of the number of hypertensive people in treatment and control in 2030 Scenario II. According to the MoH survey, 1.2% adult population in 2011 claimed that they were aware of hypertension but were not in treatment \[[@pone.0221556.ref019]\]. We assumed that this percentage will likely to be the case in 2030. In consequence, we estimated the number of people aware of their Hypertension by adding those already in treatment and the 1.2% of the adult population (15+ years).

In scenario II, when the hypertension prevalence rate reduced, we projected that there will be 2.8 million fewer people with hypertension (i.e. hypertension is under control with SBP\<140 mmHg or DBP\<90 mmHg). However, we assumed that these individuals will likely to carry the risk of being hypertensive and would stay under the hypertension treatment, in addition to the hypertensive people. Therefore, the projected number of people under treatment will be higher in the scenario II than that of the projected people in the status quo. Furthermore, the people under treatment will be aware of the disease. Therefore, we projected the number of hypertension awareness in 2030 by adding hypertensive people in treatment and the 1.2% of adults who are aware of hypertension but not in the treatment.

### Economic benefits of reducing hypertension associated deaths and disabilities {#sec012}

In the cost and benefit analysis, it is a common practice to assign DALYs a monetary value. There is a great deal of literature discussing how to value DALY as a monetary base \[[@pone.0221556.ref027], [@pone.0221556.ref032], [@pone.0221556.ref035], [@pone.0221556.ref036], [@pone.0221556.ref037], [@pone.0221556.ref038], [@pone.0221556.ref039], [@pone.0221556.ref040]\]. The WHO Report of the Commission on Macroeconomics and Health \[[@pone.0221556.ref037]\] argues that the standard methodology for the DALY follows the human capital approach and that the value of an extra year of healthy life, resulting e.g. from successfully treating a disease, is worth more than the extra market income that will be earned in the year. Hence, averted DALY may be monetized using GDP per capita. It is also a common practice to conduct sensitivity analysis by assessing DALY with different fractions of GDP (1/3^rd^ of GDP to 3 or 5 GDP per DALY). For example, a recent study by Nugent et al. \[[@pone.0221556.ref027]\] values a DALY equal to 3 GDP/capita in Bangladesh. We value a DALY with a real GDP/capita (inflation-adjusted based on 2015 = 100) in national currency. We estimate real GDP/capita by dividing current GDP/capita with the GDP deflator between 2015 and 2023. Then we apply the same technique as the CPI projection to project GDP per capita and the GDP deflator between 2024 and 2030. Here we assume constant growth in GDP/capita and GDP deflator between 2024 and 2030. Since the IMF's projections show almost a steady increase in GDP/capita and the GDP deflator during the last 5 years (2019--2023), we assume that a constant growth can continue until 2030. This method of projection is also applied for the real gross annual income per gender. The projected monetary values are, then applied on DALYs averted to project the economic benefits of the reduced burden of hypertension.

### Projecting the cost of hypertension treatment in 2030 {#sec013}

In 2016, we collected prices of frequently prescribed antihypertensive medications and estimated the annual average cost for the medications. We adjusted the price for the period 2015 to 2023 using the consumer price index (CPI) obtained from the IMF Economic Outlook and holding 2015 as the base year. We applied the average change in CPI between 2019 and 2023 to derive CPIs between 2024 and 2030, and estimated the real price of the average price of antihypertensive medicine using 2015 as the base year (i.e. CPI 2015 = 100).

The NIH Report \[[@pone.0221556.ref005]\] discussed the impact of pharmacologic treatment for hypertensive cases and indicated that since most hypertensive patients will require two or more antihypertensive medications to achieve their BP goals, addition of a second drug from a different class should be initiated when use of a single agent in adequate doses fails to achieve the goal \[[@pone.0221556.ref005]\]. PatenT2 survey revealed the percentage of hypertensive people who used a few antihypertensive medications (1 to 4 medicines a day) in 2012; i.e., among antihypertensive medication users, 38% uses one, 44% uses two, 16% uses three and 2.3% uses four medication a day. In our projections, we maintained those percentages constant. Furthermore, NIH 7^th^ report indicates that "once the antihypertensive drug therapy is initiated, most patients should return for follow up and adjustment of medications at monthly intervals or until the BP goal is reached. More frequent visits will be necessary for patients with stage 2 hypertension or with complicating comorbid conditions. After BP is at goal and stable, follow up visits can usually be at 3-to-6-month intervals\" (\[[@pone.0221556.ref005]\], page 32). Since we have no information about the number of physician consultations, we assumed that hypertensive people will visit physicians as much the number of medications they use a year. We assumed that as the hypertension prevalence reduces in 2030, those ex-hypertensive people will stay under hypertension treatment and will continue their medication to keep their blood pressure under control.

Results {#sec014}
-------

We estimated that 25% of adult population (15+ years) or 14.5 million adults were hypertensive in 2015 ([Table 4](#pone.0221556.t004){ref-type="table"}). In status quo, i.e., if the hypertension prevalence remaining constant until 2030, it is projected that 17.4 million will have hypertension, due to increases in population between 2015 and 2030. Under the status quo, we projected that about 55% of hypertensive people will be under the treatment but that would increase to 74% under Scenario II. Awareness will increase from 10.4 million in status quo to 11.6 million in scenario II.

10.1371/journal.pone.0221556.t004

###### Hypertensive population, prevalence, awareness, treatment, and control (000).
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  ----------------------------------------------------------------- ------------ ---------------- ------------------------------------------------------ --------- ------------ ----------- -------
                                                                    **2015**     **2030**\        **2030**\                                                                                 
                                                                                 **Status quo**   **Scenario II**[\*](#t004fn002){ref-type="table-fn"}                                      

  Population (15+)                                                  Male         28,278           34,133                                                                                    

  Female                                                            29,69        35,985                                                                                                     

  Total                                                             58,247       70,118                                                                                                     

  People with Hypertension [\*](#t004fn002){ref-type="table-fn"}\   Male         6,267            22%                                                    7,565     22%          6,341       18.6%
  &\                                                                                                                                                                                        
  The Prevalence rate (%)                                                                                                                                                                   

  Female                                                            8,216        27%              9,866                                                  27%       8,270        23.0%       

  **Total**                                                         **14,484**   **25%**          **17,431**                                             **25%**   **14,611**   **20.8%**   

  Hypertension in Control (number)\                                 Male         1,518            54%                                                    1,832     54%          2,183       54%
  &\                                                                                                                                                                                        
  % share in under Treatment                                                                                                                                                                

  Female                                                            2,600        51%              3,122                                                  51%       3,434        51%         

  **Total**                                                         **4,117**    **52%**          **4,953**                                              **52%**   **5,617**    **52%**     

  People under Treatment\                                           Male         2,780            45%                                                    3,379     45%          4,029       64%
  &\                                                                                                                                                                                        
  % share in hypertensive people                                                                                                                                                            

  Female                                                            5,133        62%              6,164                                                  62%       6,712        81%         

  **Total**                                                         **7,933**    **55%**          **9,542**                                              **55%**   **10,741**   **74%**     

  Awareness (number)[\*\*](#t004fn003){ref-type="table-fn"}\        Male         3,102            11%                                                    3,744     11%          4,394       11%
  &\                                                                                                                                                                                        
  % of population                                                                                                                                                                           

  Female                                                            5,529        18%              6,640                                                  18%       7,188        20%         

  **Total**                                                         **8,632**    **15%**          **10,384**                                             **15%**   **11,582**   **16.5%**   
  ----------------------------------------------------------------- ------------ ---------------- ------------------------------------------------------ --------- ------------ ----------- -------

Source: Authors' calculation.

**\*** number of HBP cases include those 1.2% population who were aware of HBP but not in treatment. Those 1.2% awareness were not included in the calculation when the 17% reduction in HBP prevalence was estimated.

\*\* number of awareness estimation include those under treatment and those 1.2% population who were aware of HBP but not in treatment.

### The number of hypertension attributable deaths and DALYs in 2015 and 2030 {#sec015}

Hypertension was responsible for 54,252 deaths or about 14.4% of 376 thousand total adult deaths in 2015 \[[@pone.0221556.ref002], [@pone.0221556.ref041]\]. The burden was higher in women 28,612 deaths as compared with that of men with 25,640 deaths ([Table 5](#pone.0221556.t005){ref-type="table"}). About 22% or 11,682 deaths occurred among economically active age population age 30--64 years old.

10.1371/journal.pone.0221556.t005

###### Estimated deaths associated with hypertension in 2015.
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  Year (2015)                                                                 Male    Female   Total
  --------------------------------------------------------------------------- ------- -------- -------
  **Total (30+ age population)**                                                               
  Total All-causes of Deaths (000)                                            204     172      376.1
  Total Hypertension Deaths (000)                                             25.6    28.6     54.3
  Hypertension attributable deaths as % all causes deaths in 30+ population   12.6    16.6     14.4
  **Weighted Death Rate/100,000 population**                                                   
  30+ years-population                                                        173.6   140.0    
  30--64 years-population                                                     67.4    19.25    
  **30--64 Population**                                                                        
  Total All-cause of Deaths (000)                                             63.3    30.2     7.1
  Number of hypertension attributable Deaths (000)                            7.75    3.9      11.7
  \% share in deaths in 30--64 population                                     31      17.5     24.9

[Table 6](#pone.0221556.t006){ref-type="table"} presents the projected total deaths and hypertension attributable deaths in 2030 in the status quo and Scenario II. In the status quo conditions, we projected 490.4 thousand adult deaths by all causes in 2030 and 91 thousand adults (30+ years) will die from hypertension. The hypertension attributable deaths will be higher in women with 49.8 thousand deaths compared to that of men with 41.3 thousand deaths. In scenario II, we estimated 466.1 thousand adult deaths by all causes; 24.3 thousand fewer adult deaths compared to the status quo scenario. When we attributed this to hypertension, and deduct from the hypertension deaths in status quo, the estimated total hypertension attributable deaths is 66.9 thousand in scenario II. Accordingly, we estimated that 13.6 thousand and 10.7 thousand hypertension-deaths in male and in female will be averted in 2030, respectively. Under the status quo and scenario II projections, we estimated that hypertension will claim 16.5 thousand and 12.6 thousand lives in economically active population, respectively. This entails that 16.2% or 3.9 thousand out of 24.3 thousand deaths averted will be among economically active 30--64 years of age population ([Table 6](#pone.0221556.t006){ref-type="table"}). These results, on the one hand, suggest that hypertension is still an important killer among the economically active population. The deaths by this subgroup, on the other hand, will reduce by 24% from 16.5 thousand (status quo) to 12.6 thousand in the scenario II.

10.1371/journal.pone.0221556.t006

###### Projected total and hypertension deaths in 2030.
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                                                                              Status Quo   Scenario II                           
  --------------------------------------------------------------------------- ------------ ------------- ------- ------- ------- -------
  **30+ years population**                                                                                                       
  Total All-causes Deaths (000)                                               267.3        223.1         490.4   253.7   212.4   466.1
  Deaths averted (000) or (lives saved)                                                    13.6          10.7    24.3            
  Number of Hypertension Deaths (000) [\*](#t006fn001){ref-type="table-fn"}   41.3         49.8          91.2    27.7    39.2    66.9
  **30--64 years-population**                                                                                                    
  Total All-causes of Deaths (000)                                            83.0         39.1          122.1   80.2    38.0    118.2
  Deaths averted (000) or (lives saved)                                                                          2.8     1.1     3.9
  Number of Hypertension Deaths (000)                                         11.1         5.4           16.5    8.3     4.3     12.6

\*New hypertension deaths in Scenario II is estimated by subtracting hypertension deaths in status quo from the deaths averted from total population.

In 2015, the burden of hypertension deaths was 987 thousand DALYs which was equivalent to 29.3 billion TL and 37.8 billion TL as one DALY was valued at GDP/capita and gross income/capita, respectively ([Table 7](#pone.0221556.t007){ref-type="table"}). About half of the burden (451 thousand out of 987 thousand DALYs) will be borne by the economically active population (30--64 years old population) ([Table 7](#pone.0221556.t007){ref-type="table"}).

10.1371/journal.pone.0221556.t007

###### Burden of DALYs in 2015.
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                       DALYs (000)   DALYs (Billion) TL   
  -------------------- ------------- -------------------- ------
  30+ age population   987.0         29.3                 37.8
  30--64 age group     451.0         13.4                 17.2

### Projected total treatment cost {#sec016}

According to the Turkish MoH statistics, the total ambulatory care expenditure in 2015 was 8.9 billion TL \[[@pone.0221556.ref042]\], equivalent to 152.1 TL (USD 56.3) per ≥15 year adult population. We predicted that ambulatory care expenses per 15+ year adult population will increase to 582.9 TL in real terms, adjusting for inflation (CPI, 2015 = 100). The inflation adjusted average antihypertension medication (30 pills) price was estimated at 183.3 TL (\$67) per year in 2015, which increased to 665.5 TL per year in real terms by 2030. The estimates entail that the cost for hypertension treatment was 4.9 billion TL, (2.7 billion TL for medication and 2.2 billion TL ambulatory care (physician consultation) constituting about 5.5% of total health care expenditures in 2015. We projected that the cost will increase by almost five-fold in 2030 to 21.7 billion TL in real terms (11.59 billion TL for medication and 10.15 billion TL for ambulatory care) under the status quo. In Scenario II, the projected treatment cost increased by 2.7 billion TL compared to the status quo scenario, i.e. from 21.7 billion TL to 24.46 billion TL between status quo and scenario II ([Table 8](#pone.0221556.t008){ref-type="table"}).

10.1371/journal.pone.0221556.t008

###### Estimated hypertension treatment costs, 2015 and 2030.
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                               2015                                          2030                                                                                                              
  ---------------------------- --------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------ -----
                                                                             **Status quo**                                             **Scenario II**[\*](#t008fn004){ref-type="table-fn"}   
  Average medication (TL)      183.3[^§^](#t008fn002){ref-type="table-fn"}   665.5[^¶^](#t008fn003){ref-type="table-fn"}                665.5                                                  
  Ambulatory care/adult (TL)   152.1                                         582.9                                                      582.9                                                  
                               **Cost in Billion TL**                        Additional cost in Billion TL (Scenario II---Status Quo)                                                          
  Annual medication            2.7                                           11.6                                                       13.0                                                   1.4
  Annual ambulatory care       2.2                                           10.2                                                       11.4                                                   1.3
  Total treatment              4.9                                           21.7                                                       24.5                                                   2.7

Note:

^§^Data provides the percentage of hypertensive people using a number of medications (1--4). In our analysis, we assume that each medication costs on average 17 TL per month in 2016.

^¶^ We projected the conversion rate between USD and TL based on data on the IMF WEO database, where the conversion rate is projected to increase by 5.5% per annum over the period 2018--2022. In our projection for 2030, we kept the rate constant at 5.5%.

\* a 17% reduction in hypertension prevalence in 2030.

### Comparison of economic benefits and costs {#sec017}

[Table 9](#pone.0221556.t009){ref-type="table"} presents the estimated the economic burden of hypertension in DALYs in the status quo and scenario II. We projected that 392 thousand DALYs will be averted in Scenario II, i.e. 1,561 thousand DALYs in status quo compared to 1169 thousand in Scenario II. The economic burden of hypertension attributable DALYs will reduce between 18 billion TL and 23.2 billion TL when a DALY is valued at GDP per capita and gross income per capita, respectively.

10.1371/journal.pone.0221556.t009

###### Predicted costs and benefits of hypertension management in 2030.
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                    DALYs (000)   DALYs in (Billion) TL valued by   Savings in DALYs averted (Billion TL)   Additional medical costs (Billion TL)   Benefit/cost         
  ----------------- ------------- --------------------------------- --------------------------------------- --------------------------------------- -------------- ----- --------------
  **Status quo**    1,561         71.8                              92.6                                    \-\-\-\--                               \-\-\-\--            
  **Scenario II**   1,169         53.7                              69.4                                    18.0                                    23.2           2.7   **6.7--8.6**

In the Scenario II, the projected cost in 2030 associated with hypertension treatment increased by an additional 2.7 billion TL from 21.7 billion TL in status quo to 24.5 billion TL in Scenario II. Accordingly, the economic benefit (savings) of the reduced burden of hypertension associated DALYs (i.e. DALYs averted in TL) will exceed the additional hypertension treatment cost by 6.7 and 8.6 folds, respectively.

Conclusion {#sec018}
==========

Hypertension is a significant public health issue in Turkey. Diseases associated and attributed to hypertension already put a heavy burden on MoH's budget. A study by Pektas et al. \[[@pone.0221556.ref043]\] revealed that Turkish Insurance Agency reimbursed 1.3 billion TL (USD 663 million) for antihypertensive medication alone in 2013. Consequently, the MoH initiated a national salt reduction plan in 2011 and the second plan (2016--2021) was initiated in 2016 that aimed to reduce the salt consumption by 30%. The projections suggest that hypertension prevention and management is a good investment with a high economic benefit that outweighs the costs associated with extended hypertension treatment. To this effect, a reduction in population-wide salt consumption is no small difference concerning averting deaths and saving lives in adult and economically active populations.

It is important to emphasize a few issues about the models and the results. The projections are based on some assumptions; and therefore, the results may need to be evaluated as indicative. For example, predictions for the status quo are made by keeping some of the 2015 data constant. Specifically, the age-adjusted weighted death rates for the hypertensive population are held constant between 2015 and 2030 when we project the deaths associated with hypertension. It is difficult to project how the hypertension trend will take a course for the next 15 years. For example, the death rates and the number of deaths from hypertension by IHME decrease between 1990 and 2005 for the age groups by genders, and then show an increasing trend between 2010 and 2015. Furthermore, we assume that projected deaths averted between the status quo and the Scenario II are attributable to hypertension only. However, it is very likely that some of the averted deaths can be attributed to elevated blood pressure and other risk factors. As a result, the projected hypertension deaths in 2030 (Scenario II) may be overestimated. On the other hand, we believe that the cost projections for both the antihypertensive medication and the physician consultations are likely to be overestimated. This due to our assumption that, notwithstanding a reduction of the hypertension prevalence by 17%, the individuals who are not part of the hypertensive population in 2030 will continue to stay under the hypertension treatment. It is very likely that some of these individuals may opt out from the treatment (antihypertensive medication and physician consultation) and seek for healthy life changes to keep controlling their hypertension. In consequence, the cost benefits ratio can be considered conservative.

Despite these limitations, these results provide some degree of direction for the benefits of reducing death and prevalence rates despite increases in hypertension treatment; and the salt reduction program is one of the ways to achieve that. As an increasing number of countries focuses on salt reduction programs \[[@pone.0221556.ref008]\], some countries such as the United Kingdom \[[@pone.0221556.ref044], [@pone.0221556.ref045]\], Finland \[[@pone.0221556.ref046], [@pone.0221556.ref047], [@pone.0221556.ref048]\] and Japan \[[@pone.0221556.ref049]\] successfully reduced population-wide salt intake and achieved reduction in blood pressure and cardiovascular mortality \[[@pone.0221556.ref050]\]. Consequently, health services benefited from significant savings \[[@pone.0221556.ref028]\]. This study suggests that population-wide hypertension prevention and management is a win-win situation for public health and Turkish health care system as the benefits of hypertension management (reduced prevalence and deaths) outweigh the costs associated with extending hypertension treatment.

The findings and conclusions in this report are those of the authors only and do not necessarily represent the official position of the Centers for Disease Control and Prevention.
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